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Abstract of EP1211488 

A transit-time difference type ultrasonic flowmeter 
comprising a pair of ultrasonic transducers (2a t 
2b) mounted on a flow tube (1) at an upstream 
region and a downstream region thereof 
respectively, a switching device (3) for switching 
the operational mode of each of the transducers 
(2a, 2b) alternatively to its transmitting or 
receiving mode, an amplifier (5) for amplifying a 
signal received by one of the transducers in 
receiving mode, and data reduction equipment 
(8) including an analog-digital converter (9) and a 
digital signal processor (10). The converter (9) 
converts a received waveform into a plurality of 
voltage-time data sets; and the processor (1) 
picks up a peak of the date sets on the basis of 
the time, or the data on the voltage, or 
determines the peaks of maximum voltage 
included within the waveform, estimates at least 
one zero-cross point adjacent the object peak 
through calculations made on the data sets 
distributed along a time axis close to the zero- 
cross points, and finds the time or average time 
required for propagating the wave respectively 
from one or a plurality of zero-cross points. 
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(54) Transit-time difference type ultrasonic flowmeter 



(57) A transit-time difference type ultrasonic flowm- 
eter comprising a pair of ultrasonic transducers (2a, 2b) 
mounted on a flow tube (1) at an upstream region and 
a downstream region thereof respectively, a switching 
device (3) for switching the operational mode of each of 
the transducers (2a, 2b) alternatively to its transmitting 
or receiving mode, an amplifier (5) for amplifying a signal 
received by one of the transducers in receiving mode, 
and data reduction equipment (8) including an analog- 
digital converter (9) and a digital signal processor (10). 



The converter (9) converts a received waveform into a 
plurality of voltage-time data sets; and the processor (1 ) 
picks up a peak of the date sets on the basis of the time, 
or the data on the voltage, or determines the peaks of 
maximum voltage included within the waveform, esti- 
mates at least one zero-cross point adjacent the object 
peak through calculations made on the data sets distrib- 
uted along a time axis close to the zero-cross points, 
and finds the time or average time required for propa- 
gating the wave respectively from one or a plurality of 
zero-cross points. 
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Description 

[0001] The present invention relates to an improve- 
ment on a transit-time difference type (referred herein- 
after to as time difference type) ultrasonic flowmeter. 5 
[0002] The arrangement of the transit-time difference 
type ultrasonic flowmeter of the prior art will now be de- 
scribed with reference to Fig. 6. 
[0003] A pair of ultrasonic transducers 2a and 2b are 
provided on both ends of a straight section 1 a of a flow w 
tube 1 including a fluid inlet 1b and a fluid outlet 1c ex- 
tending vertically from the ends of the straight section 
1a. 

[0004] A switching device 3 is provided between the 
ultrasonic transducers 2a and 2b and an excitation pulse is 
generator 4 and an amplifier 5 receiving the signal from 
one of the transducers. The switching device 3 delivers 
pulses from the excitation pulse generator 4 to the one 
of the transducers and receives signals from the other 
of the transducers and delivers the signals to the ampli- 20 
fier 5 vise versa. 

[0005] The signal for causing the switching is not de- 
scribed herein. 

[0006] A comparator 6 detects the time (the received 
time) on which the received waveform amplified through 25 
the amplifier 5 exceeds the reference voltage provided 
by a source of reference voltage 7. 
[0007] A data reduction equipment 8 receives the out- 
put from the comparator 6, calculates the time duration 
from the excitation time to the received time, in other 30 
words the ultrasonic wave propagating time i.e. the time 
required for propagating the ultrasonic wave generated 
by one of the ultrasonic transducers through fluid to the 
other transducer, and output a flow rate signal obtained 
by effecting the following equation. 35 

Tu-Td = 2LV/C 2 



/.V=(Tu-Td)(T/2L 
Q = SV 

45 

wherein Tu is a time for propagating the ultrasonic 
wave upstream-wards, Td is a time for propagating the 
ultrasonic wave downstream-wards, V is a flow velocity 
through the flow tube, Q is a flow rate through the flow 
tube, C is acoustic velocity, and L is a distance between so 
the transducers. 

[0008] However, the following technical problems are 
still present in the time difference type ultrasonic flow- 
meter of the prior art. 

[0009] The comparator cannot distinguish the re- 55 
ceived signal from noise superposed on it when the flow- 
meter is operated under the circumstance flooded by 
electric pulse noise. In such a case, the measured value 



of the propagation time will inevitably be fluctuated and 
the affect caused thereby will be augmented when the 
flowmeter is used for measuring relatively low flow rate. 
[001 0] Further, provided that impurities such as bub- 
bles or solid particles are included in the fluid, the am- 
plitude of the received signal is tend to attenuate, and 
sometimes makes the result of the measurement unsta- 
ble. 

[001 1 ] As shown in Fig. 7, the received waveform with 
no interference is illustrated by a solid line, the waveform 
attenuated under the effect of impurities such as bub- 
bles or solid particles is illustrated by a broken line, and 
the reference voltage Vc of the comparator is illustrated 
by a dashed line. As can be seen from Fig. 7, the wave- 
form to be measured is varied under the effect of the 
attenuation, so that the consistent measurement cannot 
be effected since the propagating time is measured at 
Ta or Tb. 

[0012] In order to solve the above mentioned prob- 
lem, the first transit-time difference type ultrasonic flow- 
meter of the present invention comprises: 

a pair of ultrasonic transducers mounted on an out- 
er surface of a flow tube at an upstream side and a 
downstream side respectively, a switching device 
for switching the operational mode of each of the 
pair of transducers alternatively to its transmitting 
or receiving mode, an amplifier for amplifying the 
signal representing the ultrasonic waves propagat- 
ing through the fluid received by the ultrasonic 
transducer of the receiving side, and a data reduc- 
tion equipment for processing the amplified re- 
ceived signal to output a flow rate signal; 
the data reduction equipment includes an analog 
digital converter and a digital signal processor; 
the analog-digital converter converts the waveform 
of the received signal amplified by the amplifier into 
a plurality of voltage-time data sets; and 
the digital signal processor picks up on the basis of 
the data of time an object peak from the waveform 
of the voltage-time data sets, estimates at least one 
zero-cross point confined by the object peak or a 
peak adjacent to the object peak through the calcu- 
lation made on the plurality of voltage-time data sets 
distributing along the time axis close to the zero- 
cross points, and finds the time required for propa- 
gating the ultrasonic wave from one zero-cross 
point or the average time required for propagating 
the ultrasonic wave from a plurality of zero-cross 
points. The first transit-time difference type ultra- 
sonic flowmeter is characterized by the fact that the 
object peak is picked up from peaks present within 
the preset time interval. 

[0013] The second transit-time difference type ultra- 
sonic flowmeter of the present invention comprises: 

a pair of ultrasonic transducers mounted on an out- 
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er surface of a flow tube at an upstream side and a 
downstream side respectively, a switching device 
for switching the operational mode of each of the 
pair of transducers alternatively to its transmitting 
or receiving mode, an amplifier for amplifying the 
signal representing the ultrasonic waves propagat- 
ing through the fluid received by the ultrasonic 
transducer of the receiving side, and a data reduc- 
tion equipment for processing the amplified re- 
ceived signal to output a flow rate signal; 
the data reduction equipment includes an analog- 
digital converter and a digital signal processor; 
the analog-digital converter converts the waveform 
of the received signal amplified by the amplifier into 
a plurality of voltage-time data sets; and 
the digital signal processor picks up on the basis of 
the data on the value of voltage an object peak from 
the waveform of the voltage-time data sets, esti- 
mates at least one zero-cross point confined by the 
object peak or a peak adjacent to the object peak 
through the calculation made on the plurality of volt- 
age-time data sets distributing along the time axis 
close to the zero-cross points, and finds the time 
required for propagating the ultrasonic wave from 
one zero-cross point or the average time required 
for propagating the ultrasonic wave from a plurality 
of zero-cross points. The second transit-time differ- 
ence type ultrasonic flowmeter of the first embodi- 
ment is characterized by the fact that the object 
peak is picked up from peaks of the voltage over 
the predetermined value. 

[0014] The third transit-time difference type ultrasonic 
flowmeter of the present invention comprises: 

a pair of ultrasonic transducers mounted on an out- 
er surface of a flow tube at an upstream side and a 
downstream side respectively, a switching device 
for switching the operational mode of each of the 
pair of transducers alternatively to its transmitting 
or receiving mode, an amplifier for amplifying the 
signal representing the ultrasonic waves propagat- 
ing through the fluid received by the ultrasonic 
transducer of the receiving side, and a data reduc- 
tion equipment for processing the amplified re- 
ceived signal to output a flow rate signal; 
the data reduction equipment includes an analog- 
digital converter and a digital signal processor; 
the analog-digital converter converts the waveform 
of the received signal amplified by the amplifier into 
a plurality of voltage-time data sets; and 
the digital signal processor determines the peak of 
maximum voltage included within the waveform of 
the voltage-time data sets as an object peak, esti- 
mates at least one zero-cross point confined by the 
object peak or a peak adjacent to the object peak 
through the calculation made on the plurality of volt- 
age-time data sets distributing along the time axis 



close to the zero-cross points, and finds the time 
required for propagating the ultrasonic wave from 
one zero-cross point or the average time required 
for propagating the ultrasonic wave from a plurality 
s of zero-cross points. 

[0015] According to the first embodiment, the digital 
signal processor measures the height of the object peak 
and estimates the amount of attenuation of the received 

10 signal due to the impurities such as bubbles or solid par- 
ticles included in the fluid, wherein if the amount of at- 
tenuation is larger than the preset value, the calculation 
for estimating the zero-cross points is suspended, and 
the flow rate signal is output by adopting the measured 

15 value of time required for propagation or the output val- 
ue of flow rate obtained on the last measurement of the 
repeatedly effected measurements. 
[0016] According to the second embodiment, the dig- 
ital signal processor measures the height of the object 

20 peak, makes comparison between the height of the ob- 
ject peak when the ultrasonic wave propagates up- 
stream-wards and the height of the object peak when 
the ultrasonic wave propagates downstream- wards, 
wherein if the difference between the height of the object 

25 peaks is larger than the predetermined value, the cal- 
culation for estimating the zero-cross points is suspend- 
ed, and the flow rate signal is output by adopting the 
measured value of time required for propagation or the 
output value of flow rate obtained on the last measure- 

30 ment of the repeatedly effected measurements. 

[0017] According to the third embodiment, the digital 
signal processor measures a ratio defined between the 
heights of the peaks before and after the zero-cross 
point which is the object of the measurement of time re- 

35 quired for propagation, if the difference between the ob- 
tained ratio of the heights of peaks and a ratio obtained 
upon measured on the fluid including no impurities such 
as bubbles or solid particles is larger than the predeter- 
mined value, the calculation for estimating the zero- 

40 cross points is suspended, and the flow rate signal is 
output by adopting the measured value of time required 
for propagation or the output value of flow rate obtained 
on the last measurement of the repeatedly effected 
measurements. 

45 [001 8] According to the fourth embodiment, the digital 
signal processor is adapted to alter according to the var- 
iation of the heights of the object peaks the number of 
zero-cross points defining the base on which the mean 
value of the time required for propagation is calculated. 

so [0019] According to the fifth embodiment, the digital 
signal processor processes the plurality of voltage-time 
data set through least squares method, calculate a re- 
gression line or curve, and estimates the time required 
for propagation of the zero-cross points. 

55 [0020] Further feature of the present invention will be- 
come apparent to those skilled in the art to which the 
present invention relates from reading the following 
specification with reference to the accompanying draw- 
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ings, in which: 

Fig. 1 is a schematic partially broken view showing 
the general arrangement of the transit-time differ- 
ence type ultrasonic flowmeter according to the 
present invention; 

Fig. 2 is a graph showing the waveform of the re- 
ceived signal for illustrating the first transit-time dif- 
ference type detection; 

Fig. 3 is a graph showing the waveform of the re- 
ceived signal for illustrating the second transit-time 
difference type detection; 
Fig. 4 is a graph showing the waveform of the re- 
ceived signal and that attenuated; 
Fig. 5 is a schematic partially broken view showing 
the arrangement of another detecting section ac- 
cording to the present invention; 
Fig. 6 is a schematic partially broken view showing 
the general arrangement of the transit-time differ- 
ence type ultrasonic flowmeter of the prior art; and 
Fig. 7 is a graph showing the waveform of the re- 
ceived signal obtained through the transit-time dif- 
ference type detection of the prior art. 

[0021 ] The arrangement of the first transit-time differ- 
ence type ultrasonic flowmeter of the present invention 
will now be described with reference to Fig. 1 . 
[0022] Those denoted in this figure by reference nu- 
merals 1-5 are identical with those designated on Fig. 6 
so that no descriptions are made thereon. 
[0023] The data reduction equipment 8 of the flowm- 
eter of the present invention includes an analog - digital 
converter (referred hereinafter to as ADC) 9 of a sam- 
pling rate of a few 10 MS/s and a resolution of 10 - 12 
bits, and a high-speed digital signal processor (referred 
hereinafter to as DSP) 10. The received waveform am- 
plified by the amplifier 5 is processed by the data reduc- 
tion equipment 8 to provide signals indicating a flow rate. 
[0024] The received signals (analog signals) obtained 
from the ultrasonic transducers 2a or 2b through the 
switching device 3 and the amplifier 5 and delivered to 
the data reduction equipment 8 are sampled by the ADC 
9 and converted to the voltage - time digital data set. 
[0025] In the sampling operation of the ADC 9, data 
are adapted to be taken within a sampling window SW 
of suitable time interval, in order to avoid the overload 
of the memory device. 

[0026] As a consequence of the sampling operation, 
data as shown in Fig. 2 as • are obtained (in order to 
avoid the complication of the graph, the number of the 
designation of data are reduced around the peak P^. 
[0027] Those designated by O in the same graph are 
zero-cross points confined by those peaks. 
[0028] According to the present invention the DSP 1 0 
picks up a peak of predetermined rank order, e.g. the 
first peak as an object peak. In other words, the object 
peak is selected on the basis of the data on the time. 
Zero-cross points such as q 1( q 2 , q 3 confined by peaks 



P lt P 2 are then estimated through processing predeter- 
mined number of data sets distributing along the time 
axis, close to the zero-cross points. 
[0029] In the case that a plurality of the zero-cross 

s points are present, the mean value of the times of the 
zero-cross points is calculated, and the time elapsed 
from the time in which the ultrasonic wave is generated 
to the mean value is adopted as the time Tu or Td re- 
quired for propagate the ultrasonic wave. 

10 [0030] In practice, the direction of the ultrasonic wave 
is inverted by the operation of the switching device 3 
and the time Tu or Td required for propagate the ultra- 
sonic wave is measured. Then the value of flow rate 
through the tube is calculated from the time Tu and Td 

15 required for propagate the ultrasonic wave, acoustic ve- 
locity C, and the distance L between the ultrasonic trans- 
ducers. 

[0031] The second transit-time difference type ultra- 
sonic flowmeter of the present invention will now be de- 
20 scribed. 

[0032] Although the arrangement of the ultrasonic 
flowmeter of the second type itself is the same as that 
of the first type, the manner for picking up the object 
peak is different. The peaks of the voltage higher than 
the predetermined value (the voltage value V v shown 
in Fig. 3 by dotted line) is adopted as the object peak, i. 
e. the second type is characterized by the fact that the 
selection of the object peak will be made on the basis 
of the data on the value of the voltage. 
[0033] In other words, the DSP 1 0 scans the data ob- 
tained from the ADC 9 precisely, picks up a peak of pre- 
determined rank order, e.g. the first peak P 1 as an object 
peak from peaks of the voltage over the predetermined 
threshold voltage value V v One or more zero-cross 
points such as q 1( q 2 , q 3 confined by peaks P v P 2 are 
then processed in the same manner as that made on 
the first type so as to obtain the signal indicating a flow 
rate. 

[0034] Comparing the above mentioned first and sec- 
ond types, provided that the acoustic velocity within the 
fluid is known and can be regarded as substantially con- 
stant, the first type in which the object peak is selected 
on the basis of the data on the time can be adopted. 
Whereas, provided that the acoustic velocity is unknown 
or varied, the second type in which the object peak is 
selected on the basis of the data on the value of voltage 
can be adopted. 

[0035] The third transit-time difference type ultrasonic 
flowmeter of the present invention will now be de- 
scribed. 

[0036] In the above-mentioned first and second types, 
the object peak is the first peak within the sampling win- 
dow SW or the peak over the threshold value of voltage 
V v However, according to the experiment or observa- 
tion, the amount of attenuation of the amplitude attrib- 
utable to the presence of bubbles (or impurities such as 
solid particles) depends only on the amount of bubbles, 
and the shape of the envelope of the amplitude of the 
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form of the wave propagated through the fluid including 
bubbles is analogous to that the wave propagated 
through the fluid with no bubbles. 
[0037] In this connection, taking the above mentioned 
fact into account, it is preferred to adopt the peak P max 
of maximum value as the object peak to provide a flow- 
meter of hardly affected by the entering and mixing of 
the bubbles. 

The first embodiment 

[0038] In Fig. 4, the waveform of the received signals 
with substantially no attenuation is designated by solid 
line, the waveform of the received signals attenuated 
substantially under the effect of bubbles is designated 
by dashed line, and the zero-cross points to be proc- 
essed are designated by O. 

[0039] Also in Fig. 4, the P max is a value of a peak 
obtained on the fluid with no bubbles, and the P' max is 
a value of a peak attenuated substantially under the in- 
fluence of bubbles. 

[0040] When the voltage is attenuated considerably, 
i.e. the value of P' max / P max is smaller than 0.1 , it can 
be determined that S/N ratio is inferior. In such a case, 
the flow rate signal of high precision cannot be obtained 
through the calculation of the data on the time required 
for propagation at the zero-cross points. 
[0041] In this connection, when the value of P' max / 
p max is smaller than the predetermined value (e.g. 0.1 ), 
the calculation on the zero-cross points is suspended, 
and the output hold is effected. In the output hold oper- 
ation, the measured value of time required for propaga- 
tion obtained on the last measurement of the repeatedly 
effected measurements, or the output value of flow rate 
is adopted to provide the flow rate signal. 
[0042] The output hold prevents the output value of 
the flow rate signals from fluctuation even if bubbles are 
included in the fluid. Provided that the alarm device for 
monitoring the flow rate signal output is included, the 
wrong operation of the alarm device caused by the en- 
trance of bubbles can be avoided through the output 
hold. 

The second embodiment 

[0043] The second embodiment is provided on the ba- 
sis of the observation on the object zero-cross points 
when bubbles are included within the fluid, and the re- 
sults obtained through the observation is that the time 
required for propagate the ultrasonic wave is varied 
slightly according to the amount of bubbles present on 
the propagation path of the ultrasonic wave. Although 
the amount of variation of the propagation time due to 
the presence of bubbles within the fluid is very small rel- 
ative to the whole propagation time, the influence exert- 
ed on the maximum value of the measured amount of 
flow rate is substantial, i.e. cannot be neglect. 
[0044] However, the errors in measurement can be 



reduced by completing the measurement of the transit 
time difference for the period of time through which the 
amount of attenuation of the amplitude is constant, or 
for the period of time through which the same bubbles 

s are present on the propagation path. 

[0045] In the first and the third type of the present in- 
vention, the DSP 10 measures the height of the object 
peak (e. g. the object peak P max in Fig. 4), makes com- 
parison between the height of the peak when the ultra- 

10 sonic wave propagate upstream- wards (at the measure- 
ment of Tu) and the height of the peak when the ultra- 
sonic wave propagate downstream-wards (at the meas- 
urement of Td), and determines that the error in meas- 
urement due to bubbles can be neglectable if the differ- 

15 ence between the height of the peaks is smaller than 
the preset value, and outputs the signals according to 
the first and the third type of the present invention. 
[0046] On the other hands, if the difference between 
the height of the peaks is larger than the preset value, 

20 the error in measurement due to bubbles is determined 
to be substantial, the calculation of the zero-cross points 
is suspended, and the output hold is effected as de- 
scribed in the first embodiment. In the output hold oper- 
ation, the measured value of time required for propaga- 

25 tion obtained on the last measurement of the repeatedly 
effected measurements, or the output value of flow rate 
is adopted to provide the flow rate signal. 

The third embodiment 

30 

[0047] Whereas the duration of the ultrasonic wave is 
generally a few microsecond, the time required for pass- 
ing the bubble through the propagation path of the ul- 
trasonic wave is a few hundred millisecond so that the 

35 probability of the sudden transition of the amount of at- 
tenuation of the ultrasonic wave signal by bubbles for 
the duration of the ultrasonic wave signal is low. How- 
ever, the sudden transition of the amount of attenuation 
will cause the error. 

40 [0048] In the third embodiment, the DSP 1 0 measures 
the height of the positive and negative peaks (e.g. the 
positive peak P' max and the negative peak P" max of Fig. 
4) before and after the zero-cross point, compares the 
ratio between the obtained heights with the ratio of the 

45 heights of the positive and negative peaks obtained in 
the case that the measurement is made on the fluid in- 
cluding no bubbles, determines that if the difference be- 
tween the ratios is smaller than the preset value, the 
error of measurement attributable to the presence of 

so bubbles is negligible, and outputs the signal represent- 
ing the flow rate according to the first or the second in- 
ventions. 

[0049] On the other hand, if the difference between 
the ratios is larger than the preset value, the calculation 
55 of the zero-cross points is suspended since the proba- 
bility of emerging the error of measurement attributable 
to the presence of bubbles is high, and the output hold 
is effected as described in the first and the second em- 
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bodiments. In the output hold operation, the measured 
value of time required for propagation obtained on the 
last measurement of the repeatedly effected measure- 
ments, or the output value of flow rate is adopted to pro- 
vide the flow rate signal. 

The fourth embodiment 

[0050] The fourth embodiment is adapted to be ap- 
plied to the case in which no attenuation is occurred on 
the ultrasonic wave. The DSP 10 picks up for example 
6 zero-cross points (qj ~q 6 ) distributed around the ob- 
ject peak, and the number of zero-cross points to be 
picked up will be decreased according to the reduction 
of the amplitude such that four zero-cross points (q^ 
~q 4 ) or two zero-cross points (q 1( q 2 ) are to be picked 
up. 

[0051 ] Although the reduction of the number of zero- 
cross points to be picked up will increase the short-term 
fluctuation of the measured value, the phenomena 
caused in the type of the prior art that the stability of the 
measured value is locked through the variation of the 
waveform to be measured can be avoided. 

The fifth embodiment 

[0052] The fifth embodiment is adapted to be used in 
the first to the third ultrasonic flowmeter of the transit- 
time difference type for the estimation of the time of the 
zero-cross points from a plurality of data. The estimation 
can be made by calculating the optimally suitable re- 
gression line or curve through the least square method, 
and find the zero-cross point or points in which the re- 
gression line or curve crosses with the time axis (i.e. the 
axis of abscissa on Figs. 2-4). 
[0053] As mentioned in the description of the prior art, 
the received time is adapted to be detected by the com- 
parator so that the affect of noise cannot be avoided. 
However, according to the fifth embodiment, the affect 
of noise can be reduced by employing a plurality of data, 
and the fluctuation of the measured value can also be 
reduced by leveling the data on the zero-cross points. 

The sixth embodiment 

[0054] The sixth embodiment is an arrangement of 
the detection section of the ultrasonic flowmeter other 
than that illustrated in Fig. 1 in which a pair of ultrasonic 
transducers 2a, 2b are provided on both end of the 
straight tube 1 a of the flow tube 1 . The arrangement of 
the sixth embodiment is so called clamp-on type in 
which the ultrasonic transducers 11a and 11b are pro- 
vided around the straight tube of the flow tube 12. The 
arrangement of the sixth embodiment can also be ap- 
plied in the same way as that illustrated in Fig.1, and 
good results can be obtained. 
[0055] Although in the arrangement shown in Fig. 5, 
the ultrasonic transducers 1 1 a and 11 b are provided on 



the same side on the flow tube 12, the transducers can 
also be provided on the opposite sides of the flow tube. 
[0056] As can be seen from the above, in the ultra- 
sonic flowmeter of the present invention the propagation 

5 time of the ultrasonic wave can be obtained through the 
estimation of the zero-cross points distributed around 
the object peak of the received waveform, so that the 
interference of the electric pulse noise from outside can 
be reduced. Further, the stable measured value can be 

10 obtained even if the received signal or signals are atten- 
uated by the presence of impurities such as bubbles or 
solid particles included within the fluid. 
[0057] In the ultrasonic flowmeter as claimed in claims 
6-8, if the amount of the error of the measured value of 

is the flow rate attributable to the impurities such as bub- 
bles within the fluid are substantial, the output hold is 
adapted to be effected. In this connection, even if the 
alarm device for monitoring the flow rate output is in- 
cluded, the wrong operation of the alarm device caused 

20 by the error of the measured value of the flow rate can 
be avoided through the output hold. This is the practi- 
cally obtainable essential advantage. 
[0058] While particular embodiments of the present 
invention have been illustrated and described, it should 

25 be obvious to those skilled in the art that various chang- 
es and modifications can be made without departing 
from the scope of the invention defined by the claims. 



30 Claims 

1. A transit-time difference type ultrasonic flowmeter 
comprising: 

35 (a) a pair of ultrasonic transducers (2a, 2b) 

mounted on an outer surface of a flow tube (1 ) 
at an upstream region and a downstream re- 
gion thereof respectively, a switching device (3) 
for switching the operational mode of each of 

40 the pair of transducers (2a; 2b) alternatively to 

its transmitting or receiving mode, an amplifier 
(5) for amplifying a signal representing ultra- 
sonic waves propagating through fluid received 
by the ultrasonic transducer of the receiving 

45 side, and data reduction equipment (8) for 

processing the amplified received signal to out- 
put a flow rate signal; 

(b) the data reduction equipment (8) includes 
an analog-digital converter (9) and a digital sig- 

50 nal processor (10); 

(c) the analog-digital converter (9) converts the 
waveform of the received signal amplified by 
the amplifier (5) into a plurality of voltage-time 
data sets; and 

55 (d) the digital signal processor (1 0) picks up, on 

the basis of the data of time, an object peak (P 1 ) 
from the waveform of the voltage-time data 
sets, estimates at least one zero-cross point 
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(q 1t q 2 ....) confined by the object peak (P^ or 
a peak (P 2 ) adjacent to the object peak through 
the calculation made on the plurality of voltage- 
time data sets distributed along the time axis 
close to the zero-cross points (q 1t q 2 ....) and 5 
finds the time required for propagating the ul- 
trasonic wave from one zero-cross point or the 
average time required for propagating the ultra- 
sonic wave from a plurality of zero-cross points. 

10 

The flowmeter according to claim 1 wherein the ob- 
ject peak (P^ is picked up from peaks (P 1f P 2 ) 
present with a predetermined time interval (SW). 

A transit-time difference type ultrasonic flowmeter is 
comprising: 

(a) a pair of ultrasonic transducers (2a, 2b) 
mounted on an outer surface of a flow tube (1) 

at an upstream region and a downstream re- 20 
gion thereof respectively, a switching device (3) 
for switching the operational mode of each of 
the pair of transducers (2a, 2b) alternatively to 
its transmitting or receiving mode, an amplifier 
(5) for amplifying a signal representing ultra- 25 
sonic waves propagating through fluid received 
by the ultrasonic transducer of the receiving 
side, and data reduction equipment (8) for 
processing the amplified received signal to out- 
put a flow rate signal; 30 

(b) the data reduction equipment (8) includes 
an analog-digital converter (9) and a digital sig- 
nal processor (10); 

(c) the analog-digital converter (9) converts the 
waveform of the received signal amplified by 35 
the amplifier (5) into a plurality of voltage-time 
data sets; and 

(d) the digital signal processor (1 0) picks up, on 
the basis of the data on the value of voltage, an 
object peak (P.,) from the waveform of the volt- *o 
age-time data sets, estimates at least one zero- 
cross point (q 1f q 2 ...) confined by the object 
peak (P^ or a peak (P 2 ) adjacent to the object 
peak through the calculation made on the plu- 
rality of voltage-time data sets distributed along 45 
the time axis close to the zero-cross points (q^ , 

q 2 ...), and finds the time required for propagat- 
ing the ultrasonic wave from one zero-cross 
point or the average time required for propagat- 
ing the ultrasonic wave from a plurality of zero- so 
cross points. 

A flowmeter according to claim 3 wherein the object 
peak (P^ is picked up from the peaks of the voltage 
over a predetermined value (N^ ). ss 

A transit-time difference type ultrasonic flowmeter 
comprising: 



(a) a pair of ultrasonic transducers (2a, 2b) 
mounted on an outer surface of a flow tube (1) 
at an upstream region and a downstream re- 
gion thereof respectively, a switching device (3) 
for switching the operational mode of each of 
the pair of transducers (2a, 2b) alternatively to 
its transmitting or receiving mode, an amplifier 
(5) for amplifying a signal representing ultra- 
sonic waves propagating through fluid received 
by the ultrasonic transducer of the receiving 
side, and data reduction equipment (8) for 
processing the amplified received signal to out- 
put a flow rate signal; 

(b) the data reduction equipment (8) includes 
an analog-digital converter (9) and a digital sig- 
nal processor (10) ; 

(c) the analog-digital converter (9) converts the 
waveform of the received signal amplified by 
the amplifier (5) into a plurality of voltage-time 
data sets; and 

(d) the digital signal processor (1 0) determines 
a peak (P^ of maximum voltage included within 
the waveform of the voltage-time data sets as 
an object peak, estimates at least one zero- 
cross point (q 1( q 2 ...) confined by the object 
peak (P^ or a peak (P 2 ) adjacent to the object 
peak through the calculation made on the plu- 
rality of voltage-time data sets distributed along 
the time axis close to the zero-cross points (q^ , 
q 2 ...), and finds the time required for propagat- 
ing the ultrasonic wave from one zero-cross 
point (q^ ) or the average time required for prop- 
agating the ultrasonic wave from a plurality of 
zero-cross points (q 1( q 2 ...). 

6. The flowmeter according to claims 1 to 5 wherein 
the digital signal processor (10) measures the 
height of the object peak (Pmax) and estimates the 
amount of attenuation of the received signal due to 
the impurities such as bubbles or solid particles in- 
cluded in the fluid, and wherein if the amount of at- 
tenuation (Pmax/P'max) is larger than a predeter- 
mined value, the calculation for estimating the zero- 
cross points (q^ ...) is suspended, and the flow rate 
signal is output by adopting the measured value of 
time required for propagation or the output value of 
flow rate obtained on the last measurement of the 
repeatedly effected measurements. 

7. The flowmeter according to claims 1 or 5 wherein 
the digital signal processor (10) measures the 
height of the object peak (Pmax), makes compari- 
son between the height of the object peak (Pmax) 
when the ultrasonic wave propagates upstream- 
wards and the height of the object peak (Pmax) 
when the ultrasonic wave propagates downstream- 
wards, and wherein if the difference between the 
height of the object peak (Pmax) is larger than a 
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preset value, the calculation for estimating the zero- 
cross points (q 1t q 2 ...) is suspended, the flow rate 
signal is output by adopting the measured value of 
time required for propagation or the output value of 
flow rate obtained on the last measurement of the 5 
repeatedly effected measurements. 

8. The flowmeter according to claims 1 or 5 wherein 
the digital signal processor (10) measures a ratio 
defined between the heights of the peaks (P°max, 10 
P'max) before and after the zero-cross point (q^ 
which is the object of the measurement of time re- 
quired for propagation, if the difference between the 
obtained ratio of the heights of peaks and a ratio 
obtained when the fluid includes no impurities such 15 
as bubbles or solid particles is larger than the preset 
value, the calculation for estimating the zero-cross 
points (q 1 ...) is suspended, and the flow rate signal 

is output by adopting the measured value of time 
required for propagation or the output value of flow 20 
rate obtained on the last measurement of the re- 
peatedly effected measurements. 

9. The flowmeter according to claims 1 , 3 or 5 wherein 

the digital signal processor (1 0) is adapted to alter, 25 
according to the variation of the heights of the object 
peaks (P 1p P 2 ..), the number of zero-cross points 
(q^ ...) defining a base on which the mean value of 
the time required for propagation is calculated. 

30 

1 0. The flowmeter according to claims 1 , 3 or 5 wherein 
the digital signal processor (10) processes the plu- 
rality of voltage-time data sets through a least 
squares method, calculates a regression line or 
curve, and estimates the time required for propaga- 35 
tion of the zero-cross points (q A .,.)■ 
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FIG. 3 
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